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Fig. 1. PBG overlapping for PC1, PC2 and their
cascaded structure: (a) PBG1 of PC1 overlap with
PBG1 of PC2; (b) PBGI1 of PC2 overlap each other
with PBG1 and PBG2 of PC1; (c) adjacent PBG1 and
PBG2 of the PC1 overlap each other with the adjacent
PBG1 and PBG2 of the PC2.
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Fig. 2. Schematic diagram of (a) Fps, (b) Ty,
(c) (Far) ™/(Tn) ™ structure.
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Fig. 3. Transmittance spectra of (Fpr)
M=4,m=5,6,7;,(b)m=7 M =4,

at normal
incidence: (a)
5, 6.
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Fig. 4. (color online) (a) Transmittance spectra of
(F4)7 at different incident angles for TE and TM po-
larizations; (b) band edges of (F4)7 for different po-

larizations as a function of incident angle.
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Fig. 5. Transmittance spectra of (T )™ at normal inci-

dence: (a) N=2;n=3,4,5; (b)n=5 N=2,3, 4.
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Fig. 6. (color online) (a) Transmittance spectra of
(T2)® at different incident angles for TE and TM po-
larizations; (b) band edges of (T2)® for different po-

larizations as a function of incident angle.
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Thue-Morse #E i } 45 # F1 Fibonacci #E Ji 1 45 14
ZH .k BT A 18 AT &, Thue-Morse #H F 1
456 A1 Fibonacci #E & 34544 1) OPBG i TM fhifk
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Fig. 7.
of (F4)7/(T2)% at different incident angles for TM
polarization; (b) band edges of (F4)7/(T2)® for TM

polarization as a function of incident angle.
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5

Table 1. The parameters of OPBG for (F4)7, (T2)
and (F4)7/(T2)® structures.

é%m )\LM/pm )\HM/pm A)\LM/}J,I’H 6)\LM/pm

(Fg)7 1.6989 21186 1.6989—2.1186 0.4197
(T2)5 2.2897  2.3138 2.2897—2.3938 0.1041

(F4)7/(T2)® 1.0495  2.3948 1.0495—2.3948  1.3453
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i, BT RN IR S S E AT R AR &,
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Fig. 8. Bandgap of (F4)7, (T2)% J (F4)7/(T2)° at 85°.
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Fig. 11. The band gap of (F4)7/(T2)% structure
with different thickness values at normal incidence:
(a) Dy = 1.5 X Ao/4, D1, = Xo/4; (b) Du = Xo/4,
DL = )\0/4; (C) DH = )\0/47 DL =1.5x )\0/4.

014214-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 65, No. 1 (2016) 014214

A/pm

3.2

2.8

24rF

20

1.6

1.2

0.8

0.3

1
0.6

1
0.9

1
1.2

AN IR 98 BB/ T HE R S M O e T HER
ISR R e ST BRI, A T S 5 R IR 1
B AR EL P AN ) S 5 4 R B A A PR S5
FRLA ) ST 45 ) 2 0Bk 5 5 A B B AT 22 R A
M, NI EE 53 SEBL OPBG Y9 K.

A
DH/ZO

3.0

2.5

A/pm

2.0

1.5F

1.0

1 1 1 1 1 1 1 1 1
04 06 08 10 12 14 16 1.8 2.0

12 (M) (Fa)7/(T2)® SR04 5 60 B i
KR AL MEBARIR Apras B (a) Du M (b) Dy, BIA24L
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Fig. 13.

and low refractive index structure (HL)* with dif-

Transmittance spectra of alternating high

ferent period k.
DH = DL = 1550 nm.

4 #

AL FET PC RGN Z 0 RE B AMEY
K B AR, 3 1 — PR A v A A = o 454 (Fi-
bonacci # J& # 45 # Al Thue-Morse #f Ji #A 45 #4 1)
RURGEN). b DAL SRR BE L 9 o i O, #E R
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NGt i PBG 284 f At ., 25 1 T Fibonacci il
Thue-Morse #ff J& ] 2% Bt 45 #4) 1) OPBG. 1% 57 i 45
FJ 8] OPBG AH LU 9 Fh 4 J& BA S5 14 B & 4 . AN,
T8 3 38 K v AR BT ) A S R 22 BRI ORI R
BREE 1 OPBG. fix i, 18155 i) H 25 7 s Bl AR 14
HILCAR, A 7 HEJE JHEE e 2 TSI 22 o BR S B 1)
JR IR 3P Y 1R S R S A AE A T N T DAl
EE RS o R

Here ngy = 4.6, n;, = 1.6 and
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Abstract

Based on the idea of multiple photonic bandgap (PBG) overlapping for a one-dimensional photonic crystal
heterostructure, a novel hybrid quasiperiodic heterostructure is proposed to enlarge the omnidirectional photonic bandgap
(OPBG). The heterostructure is formed by combining Fibonacci and Thue-Morse quasiperiodic structure. The results
show that the OPBG of the heterostructure is enlarged obviously, which increases about three times compared with
that of Fibonacci quasiperiodic structure, and twelve times compared with that of Thue-Morse quasiperiodic structure.
The influences of structural parameters, such as period number and generation number, on PBGs of Fibonacci and
Thue-Morse quasiperiodic structure are studied respectively. The results show that the parameters have little effects
on PBG widths of the two quasiperiodic structures. The influences of the refractive indexes and thickness values of the
high and low refractive index materials on OPBG of the heterostructure are also investigated. The results show that the
OPBG of the heterostructure can be further broadened by increasing the refractive index ratios and thickness values of
the high and low refractive index materials. The reason why the quasiperiodic structure can easily realize the multiple
band gap overlapping is analyzed by comparing the bandgap properties of periodic structure. The number of PBGs of
the quasiperiodic structure in the same wavelength range is more than that of the periodic structure. Moreover, with
the increase of generation number of the quasiperiodic structure, due to the occurrence of PBG split, the number of
PBGs increases obviously, and each PBG width is less than that of the periodic structure. Owing to this kind of PBG
characteristic of the quasiperiodic structure, the heterostructure formed by cascading the two quasiperiodic structures
is more prone to realizing the multiple PBG overlapping than other heterostructures, thus more easily achieving the
expansion of OPBG. These results lay the design foundation for the compensation and broadening of the more complex

bandgap structure.
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